This study was conducted to determine the effects of tillage, irrigation levels, seed coating rates and species on grass establisbment. 
prior to initiation of the study.
Treatment design was a split-split plot with tillage as the whole plot, irrigation as the sub-plot, and seeding treatment on the subsub plot treatment. Tillage consisted of shallow disking or no tillage. Plots were disked with a tandem double disk 1 day prior to seeding. A residue of forage sorghum with a height of about 25 cm remained on the untilled plots. Experimental design for irrigation was a randomized complete block with 2 replications.
The nozzles on the irrigation system were changed to apply water treatments in concentric circular bands. Bands were 60 m in width and received a total of either 0,2, or 4 cm of supplemental water. These bands were arranged as a randomized complete block with 2 replications as sub-plots of the tillage treatments. Water was applied in 3 equal amounts from I5 to 17 July, 21 to 22 July, and 27 to 29 July. The irrigation schedule was based on moisture stress. Precipitation during the growing season of 1982 was 36 cm.
Seven seeding treatments were applied as sub-sub plots of the tillage by irrigation treatments. Each sub-sub plot was 18 mr in size. 'Goldstrike' sand bluestem [Andropogon gerardii var. paucipilus (Nash.) Fern.] and 'Cimmarron' little bluestem [Schizachyrium scoparium (Michx.) Nash] seeds were coated with a mixture of 82.0% lime, 9.0% phosphoric acid, 5.4% sulfur, 2.0% ammoniacal nitrogen, 1.3% zinc, and 0.3% iron. Seed was coated at heavy, light, and zero application rates (Table 1 ). An additional seeding Table 1 . Seeds were broadcast by hand from 1 I to 13 May 1982. Rain fell at the study site on 10, 11, 13, 19, 20, and 24 May 1982 . Consequently, all of the plots received rain following seeding. Total precipitation during May 1982, was 14 cm. Experimental design for seeding treatments was a completely randomized design with 24 replications.
Seedling density was measured on 24 and 25 September 1982. Seven 0.1-m* frames were randomly placed within each plot and the numbers of seedlings were recorded. Seedling density measurements were collected again on 7 June 1983 and on 15 August 1983. The data were subjected to analysis of variance.
Since the treatments were seeded at different rates (Table 1) , the data were standardized by determining percentage establishment before the analysis was performed. Establishment was determined by dividing seedling density (seedlings/O.1 m*) by seeding rate (pure live seed/O.1 m*) and multiplying this value by 100. Seedling density was assumed to possess a Poisson distribution (Personal communication, Kent Eskridge, Department of Biometrics, University of Nebraska-Lincoln).
Since analysis of variance assumes that data for the dependent variables are normally distributed, the data for seedling density were normalized by adding 0.5 to the recorded values for each frame and taking the square root of this number (Steel and Torrie 1980) . 
Results and Discussion
Tillage comprised a small percentage of the total water received by the seedlings during 1982 (Table 4) . Since a linear response did occur, timing of irrigation may have been equally or more important than total irrigation. Precipitation following seeding was above average (Table 4) . If precipitation had been lower, irrigation probably would have been more critical to seedling establishment.
Disking prior to broadcasting resulted in higher seedling survival for all 3 data collection periods (Table 2 ). Surface litter on Table 2 . Establishment (%) of seeded species for two tlllagc treatments during 1982 and 1983.
Addition of irrigation water may help to assure stand establishment during dry years. It also may be possible to reduce seedling rates to help offset the cost of irrigation.
Seedling Treatment
Establishment of the 3 seeding treatments was different for all 3 data collection periods ( Irrigation sand bluestem and little bluestem were not different for all 3 data collection periods. Establishment of both sand bluestem and little bluestem was higher than establishment of the switchgrass-sand lovegrass mixture. Sand bluestem and little bluestem stands were adequate for erosion protection and forage production, but the switchgrass-sand lovegrass mixture was not.
Coating Rates Irrigation increased seedlng establishment (Table 3) . Irrigation Establishment percentages for the different coating rates were not different for any of the 3 data collection periods. The seed coating was highly soluble, and precipitation immediately following seeding was intense enough to wash the majority of the coating from the seed. As a result, any negative affect the coating may have had on seed germination was either greatly reduced or removed.
Interactions
The tillage by irrigation interaction was significant for 3 seeding treatments: only the little bluestem (August, 1983) , sand bluestem and little bluestem (September, 1982) , and little bluestem (September, 1982) . The high irrigation treatment was the most sensitive to tillage treatment, since it resulted in the greatest increase in establishment between no tillage and disking. Higher seedling establishment on disked plots over no tillage for the low irrigation treatment was greater than, or equal to, the increase in establishment associated with the highest irrigation over no irrigation.
The tillage by seeding treatment interaction was significant for all sampling periods. Sand bluestem showed the greatest response to the pre-broadcast tillage treatment. If the area was disked before broadcasting, establishment of little bluestem plants increased more than did survival of the switchgrass-sand lovegrass mixture. The tillage by irrigation and seeding treatment interactions indicate that treatment responses were greater on disked areas than on untilled areas.
Optimum Treatment Combination
The combination of treatments which produced the highest seedling establishment was disking before planting, high level of irrigation, and little bluestem as the seeding treatment. Since establishment was not affected by coating rate, the lowest coating rate at which seed distribution would still be uniform would be the ideal coating rate.
Conclusions
Under conditions of this study, disking before broadcast seeding consistently resulted in greater establishment of the seeded species than did no tillage. While this was successful in this study, disking was not compared to any other methods of improving seed to soil contact. Other mechanical methods of seedbed preparation or seed incorporation by drilling may also be successful. Linear contrasts were significant, which indicated a direct positive relationship between irrigation level and seedling survival. Total amount of water applied made up a small percentage of total water available during the growing season. The fact that a linear response did occur indicates timing of irrigation was important.
Differences in survival were found between seeding treatments. Survival of the switchgrass-sand lovegrass mixture was lower than the average survival of the little bluestem and sand bluestem treatments. Survival rates between sand bluestem and little bluestem were not different.
Survival rates for different coating rates were not different. However, the coating was washed off the seed by rain soon after broadcasting. Any effect the coating may have had on survival was removed by the rain. Distribution of the coated seed after broadcasting was uniform, therefore, the coating served its purpose.
Tillage by treatment interactions indicated a greater response to treatment levels in the disked plots. Therefore, treatment level selection for the treatments evaluated in this study is more important when the area to be seeded is disked than it is when untilled areas are seeded.
